Anagram-solving tests were used to examine the durability and specificity of priming effects and the relation between repetition priming and skill-based facilitation. In four experiments, exposure to the solution of an anagram reduced the time required to solve it later, even after two weeks. Facilitation varied with the correspondence between primes and the anagrams solved at test: priming was greatest for similar or identical anagrams, intermediate for items generated from fragment cues or read, and minimal for words presented aurally. In Experiment 4, application of a newly acquired skill for solving a particular class of anagrams and item repetition had independent and additive effects. Overall, these results suggest that multiple component processes mediate facilitation on implicit memory tests.
Traditional memory tests, such as recognition and recall, require conscious or explicit recollection of the target episode. Over the past decade, increasing attention has been devoted to probing memory using indirect or implicit tests, in which retention of an episode is assessed by a change or facilitation in test performance that can occur in the absence of recollective experience. This kind of facilitation is exemplified by the phenomenon of repetition priming (cf. Cofer, 1967) , in which a single exposure to a word or picture increases the probability and speed of identifying it when it is re-presented in an incomplete or perceptually degraded form (for reviews, see Richardson-Klavehn & Bjork, 1988; Roediger & Blaxton, 1987; Schacter, 1987) . These perceptual priming tests should be distinguished from other, more conceptual priming tests (such as free associating to category names) in which the target item is not physically present at study or at test. Our discussion will focus on the former class of priming tests.
We use the terms explicit and implicit tests, introduced by Graf and Schacter (1985) , to refer to traditional and indirect measures, respectively. Dissociations between these two kinds of measure are well documented. Many studies have shown that manipulation of various presentation variables and orienting instructions can affect performance on one class of test but not the other (e.g., Jacoby, 1983b; Jacoby & Dallas, 1981) , and performance on implicit and explicit tasks can be statistically independent (e.g., Tulving, Schacter, & Stark, 1982) . Also, amnesic patients with severe This research was supported by a Natural Sciences and Engineering Research Council of Canada grant to Morris Moscovitch. Experiments 2-4 comprised part of Mary Pat McAndrews's doctoral thesis and were first presented at the annual meeting of the Canadian Psychological Association in Vancouver, Canada, June 1987. We are grateful to David Elmes, Arthur Glenberg, Peter Graf, and Henry Roediger III, who served as reviewers on an earlier version of this article and offered valuable comments and criticisms. We also thank Robert Duchnicky for valuable assistance on the final version.
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Much of the early research on dissociations between implicit and explicit memory concentrated on variables that had strong effects on explicit tasks and did not influence priming effects. Recently, investigators have begun to explore variables that exert their effects primarily on implicit tests. In this vein, several current accounts of repetition priming emphasize the similarity of processes engaged in initial and subsequent presentations of stimuli as a critical determinant of facilitation. Numerous reports indicate that the magnitude of facilitation decreases when stimulus attributes such as modality, symbol type, and language are changed between the prime and test presentations of targets (for reviews, see Kirsner & Dunn, 1985; Roediger & Blaxton, 1987) . We will use the term priming specificity to refer to such effects.
One account that focuses on specificity effects suggests that priming reflects mainly data-driven processing (Blaxton, 1989; Jacoby, 1983a Jacoby, , 1983b Roediger & Blaxton, 1987) . According to this view, the physical characteristics of the stimuli, the "data," determine the particular processes that are recruited to analyze the stimuli. Changes in the data between presentations result in different analytical processes being recruited; hence, maximal facilitation or transfer is achieved when the data match exactly at each encounter with the item. By contrast, performance on explicit tests is governed primarily by conceptually driven or subject-generated processes that are relatively independent of the physical attributes of the stimulus.
Another proposal suggests that repetition priming effects are mediated by a procedural memory system whose operation is distinct from the declarative system that governs performance on explicit tests of memory (Cohen, 1984; Cohen & Squire, 1980; Squire, 1986) . The distinction between declarative and procedural memory systems is derived conceptually and empirically from observations that perceptualmotor and cognitive skills can be acquired independently of conscious recollection of what has been learned or of the ability to comment on the learning process. The memories of the procedural system are inextricably bound to the opera-tions engaged during their acquisition, so that learning can only be expressed by activating or "running ofF' these operations again. Thus, attempts to accommodate priming effects within the procedural system necessarily emphasize repetition of operations (Squire, 1986) .
In both of these accounts, the nature of the processes that need to be reinstated to produce repetition priming effects is not well understood. In particular, there is confusion over whether the kinds of operations that are important in learning and applying skills are similar to those used to decode or complete the verbal and pictorial stimuli usually used in priming studies. Even when the same task and materials are used to evaluate item repetition and skill learning, such as in Kolers's investigations of reading geometrically transformed text (e.g., Kolers, 1975 Kolers, , 1976 , it is not clear whether both types of facilitation can be accounted for by the same mechanism (i.e., recapitulation of encoding operations). Variations in the magnitude of priming specificity effects are apparent both among particular priming tasks and across the type of attribute change (cf. Kirsner & Dunn, 1985) . Also, performance on two priming tasks, such as fragment completion and perceptual identification, can be statistically independent (Witherspoon & Moscovitch, 1989) , suggesting zero transfer of operations between two data-driven or procedural tasks. Independence has even been reported when subjects complete different fragments of the same words on successive tests (Hayman & Tulving, 1989) . These findings indicate the need for further analysis of specificity effects in priming, especially analysis of whether these effects reflect the transfer or reiteration of component processes.
The research reported here used an anagram-solving task, which is particularly appropriate for addressing questions about repetition of problem-solving operations. Previous research on how individuals solve anagrams has identified various component processes involved in their solution, such as rearrangement and grouping of letters and search for and retrieval of solution words (e.g., Johnson, 1966; Mayzner, Tresselt, & Helbock, 1964; Mendelsohn, 1976) . Therefore, anagram-solving tasks can be used to assess the relative contributions of different kinds of procedures to priming effects. Also, there is evidence that a rule or skill can be acquired when subjects solve a set of anagrams constructed using a consistent rearrangement sequence (Rees & Israel, 1935) . This capacity enables one to examine directly the relation between skill-based and repetition-based sources of facilitation.
We will also comment on the similarities and differences we observed in performance on implicit and explicit tests of memory and attempt to relate these to the theoretical descriptions of dissociations in the accounts discussed above. Where appropriate, we will also discuss our results in terms of an activation account of priming effects (e.g., Morton, 1969 Morton, , 1979 . This proposal states that facilitation in priming tasks reflects the temporary activation of preexisting lexical or semantic representations; it therefore does not contain an a priori account of priming specificity effects. The primary thrust of our research, however, was to examine different kinds of specificity effects in a single implicit task by manipulating various kinds of correspondence between prime and test exposures of an item. In this way, we hope to shed light on the kinds of component processes that contribute to facilitation.
Experiment 1
The first aim of Experiment l was to establish whether the anagram-solving task is appropriate for studying implicit memory? Dominowski and Ekstrand (1967) reported facilitation in solving anagrams as a result of prior exposure to either solution words or their semantic associates; however, in their experiment the relation between the study list and the anagrams was made explicit to the subjects. Jacoby and Dallas (1981) reported similar facilitation in anagram solving that appeared to be implicit (i.e., it was not influenced by the extent of semantic elaboration at study), but no details of the method or data were presented.
The experiment also sought to examine potential priming specificity effects in the anagram-solving task by manipulating two kinds of correspondence between prime and test items. The first type of correspondence, selected because of its frequent use in past research, was modality of presentation. A consistent finding in the literature on repetition priming is that facilitation is greatest when items are presented in the same modality on prime and test exposures (e.g., Kirsner & Dunn, 1985; Roediger & Blaxton, 1987) . A similar modality effect should be observed for solving anagrams. However, it is not obvious whether the decrease in facilitation associated with a change in modality would be relatively small, as has been reported for word-completion tasks (Graf, Shimamura, & Squire, 1985; Roediger & Blaxton, 1987) , or larger, as has been found with perceptual identification tasks (Clarke & Morton, 1983; Jacoby & Dallas, 198 l) .
The second manipulation of correspondence involved the specific letter order used to construct an anagram. The letter order was either changed between prime and test presentations (e.g., from irhca to rcaih), or the same pattern was maintained.
Given that the ease of solving anagrams is affected by the amount of rearrangement necessary to move from the anagram form to the solution (e.g., Mayzner & Tresselt, 1958) , the specific order used might partially determine the procedures engaged when solving a particular anagram. Any difference in decoding processes brought about by a change in the letter order between presentations should result in decreased facilitation. Gardiner (1988) and Hayman and Tulving (1989) reported such a diminution in facilitation on a word fragment completion task when different fragment cues were used at study and test relative to when the same cues were used. A similar type of specificity effect has also been reported for tasks involving reading of geometrically transformed text. Savings in speed of reading are generally greatest when training and test transformations are identical (Kolers, 1975 (Kolers, , 1976 Kolers & Magee, 1978 ).
While we were revising this article, it was brought to our attention that Srinivas and Roediger (in press ) also used an anagram solution task as a test of repetition priming. Although various aspects of the experiments differ, their results and conclusions are not inconsistent with ours.
Although the solving of repeated anagrams does not require recollection of their prior presentation, it is possible that explicit memory for targets and their solutions facilitates performance. To evaluate this possibility, Experiment 1 included an explicit test that required subjects to discriminate between old and new items and to decide whether old items had been presented previously as anagrams or as words that had been read or heard. This design permits direct comparison of the effect of initial presentation format on priming and on recollection.
Method
Design. Four different types of primes for target anagrams were used: visual words, auditory words, the same anagrams, and anagrams with different letter orders. One test of priming (Modality Test) compared the first two types, and a second (Letter-Order Test) compared the latter two. The prime-type manipulation was thus within subjects, and the modality and letter-order comparisons were evaluated separately.
Materials and procedure. Target items for Experiment 1 and
subsequent experiments consisted of five-letter anagrams, each having a unique solution. The anagrams were chosen from a pool of over 200 provided by Gilhooly (1978) . For all experiments, materials were constructed so as to minimize interitem variability, both within and across conditions, with respect to two factors known to affect solution difficulty. The first is the transition probabilities between letters in the solution word, that is, the frequency of correct bigrams compared with all other bigrams that exist for those five letters (Mendelsohn & O'Brien, 1974) . The second is the number of letter moves required to transform the anagram form into the solution (Tresselt & Mayzner, i 966) . Satisfying these two constraints reduced the number of items available for each study to a maximum of 150.
The sequence of events and examples of materials used in this experiment are shown in Table I . Sixty words from the Gilhooly (1978) list were selected as critical items for the Modality and LetterOrder priming tests (examples block, scarf, umtbh, and rcaih in Table   1 ). Each was assigned to one of four 15-item sets, and each set was rotated through the four prime-type conditions across subjects. Anagrams of these words were constructed by applying one of eight different rearrangement sequences (e.g., 54231 and 41253); these eight sequences were used with approximately equal frequency within each set. The particular rearrangement sequences used to construct items for the two prime types in the Letter-Order Test were counterbalanced over subjects, such that irhca was in the same-anagram condition for half the subjects and rcaih was assigned to that condition for the other half. Another 15 anagrams, chosen and constructed in the same way, were used as new (unprimed) items for the LetterOrder Test (e.g., lptan). All anagrams were hand-printed individually on cards.
Sixty additional words from the same pool were chosen for the item recognition-form recall portion of the experiment. These were divided into two sets of 30 items, and the assignment of a particular set as target or lure was counterbalanced across subjects. As shown in Table l , l0 items from the target set were assigned to each of three presentation conditions: anagram (e.g., hcatm), visual word (e.g., pilot), and auditory word (e.g., logic). A different random allocation of items to conditions was made for each subject. During the item presentation phase, the auditory and visual study items for the explicit memory test were interspersed with the items serving as primes for the Modality Test. The 10 anagrams were presented with five fillers in the initial (practice) series of anagrams. All words in the recognition test were printed on cards in a manner (script in blue ink) perceptually distinct from that used for items in the visual prime exposures (blockprinted in black ink). This was done so that the physical characteristics of the word forms would not be identical at study and test. Twenty-four subjects (university undergraduates and laboratory technicians) participated in the study. Subjects were told that the purpose of the study was to examine the relationship between memory and problem-solving abilities. They were not informed that items would be repeated. For the anagram-solving tasks, subjects were instructed to solve each anagram as quickly as possible. If the correct solution was not given within a 60-s time limit, it was provided by the experimenter and the subjects then had to indicate that they could "see" the solution. If a subject called out an incorrect response (a rare occurrence), he or she was told to continue trying. The time required to generate the correct solution was measured with a stopwatch.
The sequence of events, shown in Table 1 , was as follows. First, the 15 practice anagrams were presented for solution. Next, the 50 solution words, half in visual form (read silently by the subject) and half in auditory form (read aloud by the experimenter), were presented, about one word per second. Subjects were instructed to remember these words for a later memory test, the nature of which was not specified. A 10-min distraction interval followed, during which subjects solved arithmetic series problems. Next came the Modality Test, in which 15 anagrams derived from visual primes, 15 derived from auditory primes, and 30 anagrams of new words were solved. Note that the new anagrams on this test also served as primes for items in the Letter-Order Test. Another 10-min distractor task, in which subjects solved verbal and nonverbal analogies, came next, followed by the Letter-Order Test. In this test, 15 new anagrams were intermixed with 30 old items, half re-presented in the same letter order as in the Modality Test, half in different orders. The final test assessed explicit memory for items presented during the experiment. Subjects judged whether words had been presented earlier and, for each recognized item, stated whether it had been encountered previously in auditory, visual, or anagram form.
The interval between the end of the study phase and the explicit memory test was approximately 50 rain. Study and test items were presented in a different random order for each subject.
Results
Solution time. The dependent measure for this test and subsequent anagram-solving tests was median solution time for each condition for each subject. The use of median solution times, quite common in past research on anagram solving (e.g., Mayzner & Tresselt, 1958; Mendelsohn & O'Brien, 1974) , allows the experimenter to retain items that were not solved within the time allotted on first presentation without imposing an artificial truncation on the latency distributions. To stabilize variance, statistical analysis of the data was carried out on log-transformed solution times. The alpha level for all statistical tests was set at .05.
Means of the median solution times are presented in Table  2 . (Solution times for new items in the Letter-Order Test were not collected systematically, so they are not presented here.) Analysis of the latency data from the Modality Test revealed a significant effect of prime type, F(2, 46) = 8.67, MSe = .03. Planned comparisons revealed significant differences between the visual and unprimed conditions, t(46) ---3.86, and between visual and auditory primes, t(46) = 2.30, but no difference between auditory and unprimed items, t(46) = 1.56. Thus, only those anagrams with a prior visual presentation were solved faster than new items.
For the Letter-Order Test, solution times for the first and second presentations of anagrams in same and different letter orders were submitted to a 2 × 2 analysis of variance (ANOVA). This analysis yielded a significant repetition priming effect, F(I, 23) = 111.66, MSe --.03, with anagrams solved faster at second presentation. The critical Presentation × Prime Type interaction was not significant, F(1, 23) = 0.96, MSe = .02, indicating that the magnitude of priming effects for the sameform and different-form conditions were not significantly different.
Solution times were also compared for anagrams that had been presented initially as visual solution words or as anagrams. Items with visual word primes were solved more slowly than those with either same-or different-order anagram primes, t(23) > 2.85 in both cases.
To examine whether the pattern of results obtained in the analyses of median latencies was characteristic of performance across the entire distribution of response times, cumulative response curves were derived. Five cutoff times were selected (2, 5, 15, 30, and 60 s) , and the proportion of anagrams solved for each condition was calculated for each cutoff value. These data are shown in Figure 1 . As is readily apparent, differences between prime types identified by the foregoing analyses hold across the range of response times, except for the equivalence of nonanagram primes at the longest cutoff value. As Sargent (1940) has shown, latency and accuracy (i.e., proportion of items solved within a given response deadline) measures are highly correlated when anagram problems are scaled for difficulty. In subsequent experiments, then, we report only the range of accuracy scores obtained across the experimental conditions.
Recognition and recall. The proportions of correct responses on the explicit memory test are presented in Table 3 . Analysis of the item recognition data revealed a significant effect of presentation condition, F(2, 46) = 14.24, MSc = 2.79. Significant differences were found between the anagram and auditory word conditions, t(46) = 3.37, and between the anagram and visual word conditions, t(46) = 5.27. The difference between auditory and visual words failed to reach significance by a two-tailed test, t(46) = 1.90. Recognition accuracy, measured as hits minus false alarms, was above chance in all three conditions, t(23) > 5.09 for each.
A similar pattern was observed for recall of the form of initial presentation across the three conditions of interest. However, there were no significant differences among conditions for this measure, F(2, 46) = 2.41, MSo = 0.13, p > .10. An arcsine transformation was applied to the data for this analysis because the proportions were based on different numbers of items across conditions. Additionally, hit rates for all three types were above the level expected by chance (.33), indicating reliable memory for the initial form of presentation. There was no evidence of response bias in the form assignments, as relatively equal proportions of the recognition false alarms occurred in each of the three presentation forms (range --.29 to .36).
Discussion
The pattern of facilitation effects observed in this study indicates that several types of correspondence between prime and test presentation format are important. There was little, if any, facilitation in solving anagrams when the primes consisted of aurally presented solutions. Previous research has shown that cross-modal (generally auditory-to-visual) priming effects are relatively weak when a test requires rapid apprehension of visual detail in test items, as in identification of a masked or briefly flashed word (e.g., Hashtroudi, Ferguson, Cumulative response curves as a function of solution time for Experiment 1.
Rappold, & Chrosniak, 1988; Jacoby & Dallas, 1981) . These facilitation effects are usually greater in tasks that make fewer demands on perceptual operations at test, such as word-stem and word-fragment completion (e.g., Blaxton, 1989; . The data of Experiment 1 suggest that analysis of visual features of the letter strings is a critical component in solving anagrams and that prior exposure to relevant graphemic information can facilitate this analysis. Changing the particular letter order of an anagram between presentations did not affect performance, suggesting that repetition or transfer of specific unscrambling operations does not mediate the facilitation effect for repeated problems. This finding contrasts with results obtained using other tests that require decoding unusual verbal stimuli such as word fragments (Gardiner, 1988) and geometrically transformed text (Kolers, 1975) . Because there was a slight, although nonsignificant, advantage in priming for anagrams with the same letter order in the present data, the next experiment addresses this critical issue again.
The present results do suggest an anagram-specific component to transfer that was not tied to the particular letter pattern, as items with anagram primes were solved faster than those whose solutions had been seen. Because of the many differences between these two conditions in this experiment (including prime exposure duration, functional study-test delay, and subjects' specific experience with the task), the interpretation of this finding is problematic. The result does suggest that certain components of the solution process for a particular item may be retained as part of the "trace structure" for that event. Experiment 3 examined further the nature of this anagram-specific effect.
There was a dissociation between item recognition memory and facilitation with respect to the effect of a change in modality between study and test exposures. Compared with an auditory word prime, a visual prime provided much greater facilitation in solving a later anagram. In the recognition data, however, there was no significant modality effect. Indeed, the trend was in the opposite direction--better recognition for words that had been presented aurally than for those with visual primes. (Note that all words were presented in the visual modality in the recognition test.) When cross-modal effects are obtained in item recognition memory, the general pattern is one of a decrement in performance for those items subjected to a change in modality from study to test (e.g., Kirsner, 1974) . Perhaps the superficial differences in print style for the visual items at the two encounters is responsible for the opposite trend noted in the present findings. Items originally seen in anagram form showed an advantage over both word types on the recognition test. This may be interpreted as an example of the well-established finding that selfgenerated words are remembered better than read words (Slamecka & Graf, 1978) , especially if they are studied longer, as in the present case. Experiment 3 investigated whether recognition of anagrams at test is better if they are presented initially as anagrams rather than read (i.e., whether specificity effects in recognition can be found that parallel those obtained in the implicit test).
Experiment 2
The previous study showed that anagrams produced more repetition priming than visual solution words, which in turn produced more priming than auditory solution words. These results indicate that at least two types of correspondence in the physical format of items at prime and test exposures influence facilitation effects. However, there was no facilitation specific to repeating the particular letter order or anagram pattern. Because the main focus of the current investigation was whether priming specificity reflects reiteration of mental operations, it was important to examine whether the negative result for the letter-order manipulation was replicable, or was peculiar to the conditions of Experiment 1. The present experiment attempted to maximize the possibility of obtaining facilitation specific to repeating patterns by using more difficult rearrangement sequences to construct the anagrams.
A second motivation for this study was to compare the durability of priming effects for repeated anagrams to the durability of facilitation observed in other priming tasks. Although some studies have reported facilitation that decays to baseline within a few hours (e.g., Squire, Shimamura, & Graf, 1987) , substantial priming has been observed over intervals ranging from 24 hr to 16 months (e.g., Jacoby, 1983a; Mitchell & Brown, 1988; Scarborough, Cortese, & Scarborough, 1977; Sloman, Hayman, Ohta, Law, & Tulving, 1988; Tulving et al., 1982) . Indeed, there is sometimes no decline in the magnitude of facilitation over the interval tested (Jacoby & Dallas, 1981; Mitchell & Brown, 1988) , although this is not invariably the case (e.g., Sloman et al., 1988; Squire et al., 1987) . In Experiment 2, a 2-week interval was imposed between the prime and test exposures of anagram problems. Although neither the procedural memory nor the data-driven processing accounts of priming make explicit predictions about durability, long-lasting facilitation is inconsistent with the hypothesis that priming is mediated by transient activation of mnemonic representations.
Although the current focus is on priming, we were also interested in knowing whether subjects could recognize explicitly the particular letter-order pattern in which an anagram had been presented. Experiment 1 showed that explicit memory for items was sensitive to global features of the initial presentation format (visual word, auditory word, or anagram); this raises the possibility that even local physical features, such as the specific pattern of letters, can be remembered explicitly. Similar results were reported by Glisky and Rabinowitz (1985) , who .showed that subjects could determine reliably whether cues used on a fragment completion test were the same as or different from cues used to generate the same target words at study. Here, it is possible to compare explicit and implicit memory for the specific letter-order pattern of an anagram. received each order. The second (test) session materials consisted of 90 anagrams: 60 old and 30 new items. One-half of the old items were presented in the same pattern as in the first session (e.g., umtbh for both) and the rest were presented in an alternate order (e.g., irhca was changed to rcaih). The 30 new items, which were included so that not all test items would be familiar from the earlier presentation, were identical for all subjects. The same four rearrangement sequences were used to construct the new anagrams. A single random ordering of these 90 anagrams was used for all subjects.
A subset of the 60 words from the prime session that were not subsequently tested as anagrams were used in the two recognition tests. Solution words for 20 of these were selected for an itemrecognition test. A random ordering of these words and 20 new words was presented to all subjects. A forced-choice test of recognition memory for the particular letter-order pattern seen initially was constructed by selecting 24 additional items from the prime session. For a given subject, 12 of these had been presented originally in one rearrangement pattern and 12 in another. Each solution word was printed on a card (e.g., block) with the two anagram forms displayed beneath the solution (e.g., kbolc-clbko). A single random ordering of items was used for all subjects. The remaining 16 items from the prime session were not re-presented in the test session.
Procedure. Twelve subjects (undergraduates and laboratory technicians) participated in the study. Each subject was tested in two sessions (prime and test) separated by a 2-week interval. Subjects were told that the purpose of the study was to investigate the effects of practice on anagram-solving ability. They were not informed that particular items from the first session would be tested or repeated in the second session. Details of presentation and timing for anagramsolving trials were identical to those described for Experiment 1.
In the prime session, subjects were given five practice anagrams followed by the 120 critical items. At the beginning of the test session, subjects were told that there would be a memory test for items seen 2 weeks earlier before they continued their practice-training on the anagram-solving task. The item recognition test was administered first. Subjects were instructed to read each word aloud and respond "yes" if they remembered having seen an anagram of that word in the first session, and "no" otherwise. The letter-order recognition test was administered next. Subjects read the solution word aloud and then chose which of the two anagram patterns they thought matched the pattern seen previously for that item. Next, three practice anagrams were presented for solution, followed by presentation of the 90 test anagrams. Again, subjects were not informed that any anagrams in this series had been presented earlier.
Results
Solution time. Means of median solution times for the anagrams presented in both the prime and test sessions and for new anagrams from the test session are shown in Table 4 . The proportion of items solved within the 60-s deadline
Method
Design and materials. Experiment 2 used a within-subject manipulation of two variables: session (prime and test) and prime type (same or different letter order for anagrams). Materials for the first (prime) session consisted of 120 anagrams, with 30 anagrams constructed in each of 4 different rearrangement sequences (e.g., 51324 and 42153). Each subject received one of two different assignments of rearrangement pattern to particular items. Two random orders of the 120 items were prepared, and an equal number of subjects Recognition. On the item-recognition test, the average hit and false alarm rates were .86 (SD = .08) and .31 (SD ---. 11), respectively. Using hits minus false alarms as an index of recognition sensitivity, performance was above the value (0) expected by chance, t(l 1) = 15.38. The mean proportion correct on the forced-choice test of form recognition was .62, which is above chance, t(11) = 4.44. Thus, subjects were able to discriminate solutions of anagrams seen 2 weeks previously from new words, and they could recognize the form in which an old anagram had been presented.
Several correlations were calculated to examine the relation between recognition and the magnitude of facilitation in solving repeated anagrams. Because the previous analysis showed no effect of changing the particular anagram form, the data were collapsed over this manipulation to calculate a priming index over repeated items for each subject: (prime solution time -test solution time)/(prime solution time). Neither of the correlations reached significance (the critical value is .497 using a one-tailed test): r = -.48 for item recognition and facilitation, r = -.21 for form recognition and priming. Note that although the values are high, the correlations are in the opposite direction to that expected (i.e., a positive relation) if the same retrieval operations were supporting both priming and recollection. There was, however, a significant correlation between scores on the two types of recognition test, r = .55, suggesting that the lack of correlation between the priming and recognition measures is not merely due to low power of the test.
Discussion
These results replicate those of Experiment 1 in showing robust facilitation for solving repeated anagrams, which was not affected by changes in the specific letter order of an anagram between prime and test presentations. In contrast, in an explicit test, subjects were able to retrieve the specific pattern seen at the initial presentation of the anagrams. Memory for the particular form of the anagram is retained over the 2 weeks, but it does not "drive" anagram solution processes as it appears to drive processes involved in generating solutions to fragment completion cues (Gardiner, 1988; Hayman & Tulving, 1989) . In the context of distinction between data-driven and conceptually driven processes, it would appear that the explicit test of letter-order recognition was more sensitive to changes in the "data" than the implicit anagramsolving task. Proponents of this framework acknowledge that performance on recognition tests can be mediated by a mixture of both kinds of processes (Jacoby, 1983a (Jacoby, , 1983b Roediger & Blaxton, 1987) . Indeed, there is ample evidence that subjects can recognize physical attributes such as modality and language of presentation (cf. Kirsner & Dunn, 1985) and even particular fragment cues (Glisky & Rabinowitz, 1985) . On the basis of this dichotomy, however, one would expect that implicit tasks should be affected at least as much as explicit ones by manipulations of physical attributes.
Facilitation was observed over a 2-week interval between prime and test exposures. This finding corroborates previous reports of long-lasting facilitation in other implicit tasks (e.g., Mitchell & Brown, 1988; Sloman et al., 1988) . Like these, it provides a further challenge to models that view priming as a temporary activation of representations in memory (e.g., Morton, 1969 Morton, , 1979 . Expanding on this line of investigation, Experiment 3 examined the decay of facilitation over time and the relation between specificity effects and durability of priming.
Experiment 3
The present experiment examines again the anagram-specific component to facilitation revealed in Experiment 1. Although there was no specific advantage in priming when the particular letter order used at study was repeated at test, solving some anagram of a target word at study yielded greater priming than merely reading the word during the prime exposure. It is unlikely that this advantage can be attributed to the degree of effort involved in generating the solution at initial presentation. Several studies have shown that generated words promote less facilitation than read items on wordidentification and completion tasks (Jacoby, 1983b; Roediger & Blaxton, 1987; Winnick & Daniel, 1970) . Although Gardiner (1988) reported that a generation effect could be observed when the same fragment cues were used at prime and test in a fragment-completion task, the results of Experiments 1 and 2 suggest that this effect does not extend to the cues provided by particular letter orders in solving repeated anagrams.
Generating a solution to an anagram cue does engage processes involved in lexical or graphemic analysis, such as the combining of letters to produce acceptable bigrams. It is possible that other encoding tasks emphasizing similar processes would produce an enhancement in facilitation like that found for anagram primes. Recent findings reported by Schwartz (1989) support this notion. She found that solving anagram primes yielded greater facilitation for completing fragments of the same words than for identifying those words under conditions of brief exposure. The present experiment explored this hypothesis by comparing facilitation effects for three types of prime: anagrams, visual words, and fragments (e.g., sca__f).
Experiment 3 also examined the effect of study-test delay on priming by using 10-min and 1-week intervals. The previous experiment demonstrated robust facilitation after a 2-week delay. On the basis of results obtained with other tasks (Scarborough et al., 1977; Sloman et al., 1988) , it was expected that some decay in the magnitude of facilitation might be observed between immediate and delayed tests. The main point of the manipulation was to investigate the relation between priming specificity and rate of decay. In general, the most durable facilitation effects reported in the literature are in those tasks in which there is a high degree of overlap in the processes engaged at study and test, such as solving repeated puzzles or reading transformed text (e.g., Kolers, 1976; McAndrews, Glisky, & Schacter, 1987) . Although this generalization cannot account for all available findings (cf. Sloman et al., 1988) , results reported by Kolers and Ostry (1974) suggest that it may be correct in certain cases. In a study that involved reading inverted text, Kolers and Ostry found that facilitation in reading times lasted somewhat longer if the text had been presented in the same inverted typography at study than if it had been read originally in normal orientation (32 days vs. 16 days). Significant differences between the two conditions, however, were eliminated by the fourth day, thereby preventing an unequivocal interpretation of their results. The design of the present experiment permits another test of the hypothesis that the longevity of facilitation is a function of the concordance of processes engaged at study and test.
Recollection of targets and their initial form of presentation was also investigated by having subjects make item and form recognition decisions after each solution attempt. Unlike in Experiment 1, solutions to anagrams and recognition decisions were obtained on the same items at the same time, allowing comparison of specificity and transfer effects in implicit and explicit memory for the same studied event. In particular, studies using the word-fragment completion task have found similarities in transfer effects in the two memory tests. Glisky and Rabinowitz (1985) reported that explicit recognition of studied items was better for those generated from the same fragment cues at study and test than for ones with different cues. This corresponds to the priming specificity effect for word fragment completion reported by Gardiner (1988) . The present study includes a similar manipulation of study-test correspondence, so it is possible to examine whether similar patterns of specificity effects are obtained for both anagram solving and recognition.
Method
Design. Because only a relatively small number of items met the required specifications of the experiment, it was not possible to test each subject under all three prime-type conditions. Instead, half the subjects received anagram and word prime types and the others received anagram and fragment primes. Thus, comparison of anagram with nonanagram prime types is within subjects, but comparison of word and fragment primes is between subjects. Study-test delay (10 min and 1 week) was also a within-subjects manipulation.
Materials and procedure. Materials for this experiment consisted
of 90 words having singie-solution anagrams. Fifteen of these were allocated to each of six sets, which appeared equally often across subjects in each of the following conditions: anagram prime-immediate test, anagram prime-delayed test, word/fragment prime-immediate test, word/fragment prime-delayed test, new anagram-delayed test, new word/fragment-delayed test. An additional set of 15 anagrams was generated and used for practice in the anagram-solving task by all subjects. Eight different letter rearrangement sequences were used to construct these anagrams. The sequences were easier, involving fewer letter transitions from anagram to solution (e.g., 12534 and 23145) than those used in Experiment 1 to minimize differences in initial solution time between anagram and fragment primes. All items were printed on cards, and the order of presentation was randomized for each subject.
Thirty-six undergraduates participated in two test sessions, separated by a l-week interval. Half the subjects were randomly assigned to either the anagram/word or anagram/fragment groups, which determined the nature of the nonanagram prime used. All details of presentation and timing for the anagram-solving task were identical to those described for the previous experiments, except that a 45-s time limit for solving items was imposed here. Subjects in the appropriate groups were also instructed either to read intact words aloud or to fill in the blank and generate a solution for the fragments. A 45-s time limit was also imposed in the latter condition. Table 5 presents an outline of the experimental procedure and examples of the materials used. The practice set was given first to familiarize subjects with the anagram-solving task. Subjects in the anagram/fragment group were also shown three word fragments to familiarize themselves with that task. Next came the initial presentation of the 30 items in the short-delay (10-min) test condition. This study set consisted of 15 anagrams (e.g., kocbl) and 15 words/ fragments (e.g., scarf/sca__f), in random order. The first retention test followed a 10-min filled interval, during which subjects solved arithmetic problems. Sixty items were presented in the test, consisting of 30 primed anagrams (e.g., kocbl and sarcJ), a set of 15 new anagrams, and 15 new word/fragment items, as shown in Table 5 . After each solution had been attained (or word read, where appropriate), subjects judged whether the item had been presented before and, if so, whether it had been in the same format (anagram) or a different form (word/fragment) on the previous occasion. After a 1-week interval, the practice set was re-presented, followed by 60 items consisting of primed anagrams from the first test (e.g., mhutb and irhac) and new sets of anagrams and words/fragments. Each solution or read response was followed by the same recognition judgments: old or new, same or different format. Thus, presentation of the new items on the short-delay test served as the prime exposure for targets on the l-week test. Table 6 . The proportion of anagrams solved within the time limit ranged from .92 for new anagrams to .98 for old items having anagram primes at both immediate and delayed tests. The average median solution time for the initial (prime) presentation was 5.19 s. These latencies are lower than those obtained in the previous experiments, as expected, because an easier set of rearrangement sequences was used in this study. All analyses were conducted on log-transformed solution times. For each group of subjects, Dunnett's test was used to assess whether each primed condition was different from the control (new) condition. For the control measures, solution times were collapsed over test delay (control mean = 4.85 s for the anagram/word group and 4.20 s for the anagram/ fragment group). For both groups, all differences between prime and new conditions exceed their respective critical values (1.09 s and 1.20 s); thus, a priming effect was obtained in all conditions.
The main comparison of interest is between anagram and other prime types. A 2 (group) x 2 (prime type) x 2 (delay) mixed ANOVA revealed a significant effect of prime type, F(1, 34) = 10.66, MSe = .013, indicating that items with anagram primes were solved faster than those with other types of prime.
The effect of delay was also significant, F(1, 34) = 7.14, MS~ = .017, with faster solution times on the earlier test. Critically, the Group x Prime Type interaction was not significant, F( t, 34) < 2, indicating that prior solution of fragments and reading of the solution words produced equal amounts of facilitation. Similarly, the lack of a significant interaction between prime type and delay, F(1, 34) < 2, indicated that facilitation decayed in a similar fashion for all three prime types.
Item recognition. There were equal numbers of old and new items in both tests. Because the new items served as both recognition lures for the early test and primes for the subsequent one, half were in anagram form and half in the appropriate other form. The data reported here are for anagrams only. Table 7 shows the mean proportions of items identified as "old" in each condition. For both subject groups, the false alarms rates differed for the immediate and delayed tests, t(17) > 4.0; therefore, the analysis was done on hits minus false alarms. A 2 (group) x 2 (prime type) x 2 (delay) mixed ANOVA revealed a significant three-way interaction between these factors, F(1, 34) = 4.65, MSe = 2.89. This interaction occurred because the Prime Type x Delay interaction was significant for the anagram/fragment group, F(l, 17) = 5.74, MSe = 2.03, but not for the anagram/word group, F(1, 17) = 0.83, MSe = 3.74. The significant interaction in the former case occurred because test delay had a greater effect on recognition accuracy for items with fragment primes than for ones with anagram primes. Recognition performance was also better for items seen originally as anagrams than for items primed by words or fragments, F(1, 34) = 86.93, MSo = 2.65.
Priming and recognition. To allow for direct statistical comparison of the relative effects of prime type and delay on these two measures, Z scores were calculated for both sets of data described above. These scores were obtained by using the grand means and variances of each subject group across the four conditions generated by the prime type and delay manipulations. Data for the priming task included only primed anagrams, and hits minus false alarms was used to calculate Z scores for the recognition task. These transformed data were submitted to a 2 (group) x 2 (task) x 2 (prime type) x 2 (delay) mixed ANOVA. There were no significant effects involving group. The Task x Prime Type interaction was ance showing a much greater loss than the facilitation effect over the l-week interval. This pattern of results is shown in Figure 2 , in which scores for the anagram prime condition have been combined for the two subject groups.
Form recognition. Table 8 presents the proportion of correct form recognition judgments for items that had been correctly identified as old. Discrimination was above chance (.50) in all conditions except for the two nonanagram prime conditions at the delayed test, t(17) < 1. An arcsine transformation was performed on these data prior to analysis because the proportions were based on different numbers of items across conditions. A 2 (group) x 2 (prime type) x 2 (delay) mixed ANOVA yielded significant main effects for all three factors: group, F(1, 34) = 7.14, MSe = .19; prime type, F(1, 34) = 18.84, MS¢ = .27; and delay, F(1, 34) = 102.66, MS¢ = .13. In addition, the Group x Prime Type interaction was significant, F(1, 34) = 4.62, indicating that a prime-type effect was observed in the anagram/word group, F(l, 17) = 20.85, 
Discussion
The pattern of facilitation effects observed in this study supports the hypothesis that transfer on this task has an anagram-specific component. The difference between anagram and solution word primes replicates the findings of Experiment 1, but with both prime types presented in the same test session. Contrary to expectation, facilitation from prior fragment completion was not different from that obtained by merely reading the solution. Thus, completing word fragments does not appear to engage the particular processes The priming specificity effects observed across the first three studies do not establish the precise components involved in anagram-specific transfer. Previous research on anagram solving has shown that variables that affect subjects' ability to construct the correct bigrams greatly influence solution ease (e.g., Mendelsohn, 1976) and that providing subjects with a correct bigram and its position facilitates solving, whereas providing the position of a single letter does not (Dominowski, 1968) . Anagram-specific transfer is probably mediated by the procedures involved in finding the correct bigrams embedded in a given letter string. The procedures involved in generating these units at initial presentation may form part of the event's representation, and thus be carried out more efficiently when the same set of letters is presented a second time. In line with this interpretation, we noticed that subjects in our experiments would sometimes confuse anagrams of faith, filth, and thief and report the incorrect solution, but only when the substituted solution had been generated (correctly) on an earlier trial. This substitution error was observed even though common letters occupied different positions in the anagram forms of these words, and it suggests that the process ofbigram construction plays a role (although an inappropriate one in this case) in transfer. These processes would be expected to be indifferent to the precise letter order in an anagram, as long as variables such as the degree of rearrangement of letters are held constant, and they do not appear to occur when presented with an intact word to read or a fragment to solve.
With respect to the durability of priming effects, the results of the present study indicate that facilitation in solving anagrams persists over relatively long intervals and is subject to a modest decay over a 1-week interval. These findings are consistent with much of the recent research using other test paradigms (e.g., Jacoby, 1983a; Mitchell & Brown, 1988; Sloman et al., 1988) . The smaller decrement in facilitation than in recognition accuracy over the week (see Figure 2) does not support the notion that "pure" priming decays rapidly and that long-lasting effects are attributable to contamination of performance by explicit memory (Squire et al., 1987) . Although the interaction we obtained is consistent with other reports of the relative invulnerability to decay of priming compared with recognition (e.g., Hashtroudi et al., 1988; Mitchell & Brown, 1988; Tulving et al., 1982) , the present finding must be interpreted with some caution because of a possible confound introduced in our experimental design. That is, the initial presentation of items for the l-week test involved on-line recognition decisions in addition to the prime exposure, whereas there was no recognition component during presentation of items for the immediate test. It is possible that these different study contexts may affect recognition to a greater extent than priming, and that the interaction effect was a consequence of the different processes engaged at the two study phases rather than differential decay or forgetting. Although we cannot discount this interpretation, it seems unlikely that the large differences we observed can be attributed to processing factors alone, especially because study of the long-delay items arguably engaged processes important for explicit memory to a greater extent than presentation of the short-delay items.
One of the central concerns of this study was to examine whether the durability of facilitation may be partially a function of the overlap in study-test processes. The independent effects we observed for the prime-type and delay manipulations failed to support that hypothesis. Rather, our results are consistent with the argument that persistence is determined by whether the test cue uniquely specifies the primed response , as is the case for single-solution anagrams, word fragments, and prototypical drawings of objects.
Manipulating the correspondence between study and test formats also affected explicit recognition, in a manner that parallels findings reported by Glisky and Rabinowitz (1985) . Best performance was found for items presented as anagrams at study, with a decline in accuracy for items that had been generated from fragment cues or read aloud at study. (Note that all old items in the recognition test were in anagram form.) Although the advantage of anagram primes over other prime types was apparent in both the implicit and explicit tasks, it cannot be concluded that the same mechanism (i.e., repetition of generative operations) is responsible for specificity effects seen in both. As shown in Figure 2 , the magnitude of the prime-type effect is quite different for the recognition and anagram-solving tasks. Also, the difference between anagram and solution-word primes was much greater than that between anagram and fragment primes, for both item and form recognition accuracy, despite equivalence in the relative magnitude of priming. This latter finding suggests that distinctiveness plays a larger role than does repetition of operations per se in determining whether "matches" between study and test cues will influence explicit recognition of targets. This interpretation does not deny that "fluency" in processing repeated items can provide one basis for judgments of prior occurrence (cf. Jacoby, 1983a; Mandler, 1980) .
Experiment 4
The anagram-solving task provides another way to examine repetition or transfer of procedures across two solution attempts beyond the manipulations used in the preceding three experiments. If a mental set or skill for solving a particular class of anagrams can be established, as suggested by previous research (e.g., Rees & Israel, 1935) , it might constrain the possible range of solving operations sufficiently to enable us to examine repetition of these operations on twice-presented items. Experiment 4 was designed to examine the relation between item-and skill-based sources of facilitation directly. Kolers's studies of reading transformed text have demonstrated repeatedly that the greatest degree of facilitation, as measured by savings in reading time, is obtained when the newly acquired skill is exercised on training items. That is, passages that were originally read in the same transformation are reread faster than those seen previously in normal typography and faster than new passages presented in the learned transformation (Kolers, 1975 (Kolers, , 1976 (Kolers, , 1979 Kolers & Ostry, 1974; Moscovitch, Winocar, & McLachlan, 1986 ). These results have been incorporated by proponents of both the data-driven account of priming effects (e.g., Roediger & Blaxton, 1987 ) and the procedural system interpretation of implicit memory (e.g., Cohen & Squire, 1980; Squire, 1986) .
Kolers argued that this pattern of savings reflected the reiteration of the same text-decoding operations invoked on the first presentation of the stimulus. Given that these operations constitute the "stored representation" of the original event, the overall procedure can be run off more efficiently on a second presentation. The same logic can be applied to the anagram-solving task. If a skill or mental set for solving a particular class of anagrams can be acquired, then items that are represented in the same skill-appropriate form should be solved faster than either new items in the same form or old items for which the solution set is no longer applicable. It is also conceivable that the "gestalt" of decoding operations performed on those items repeated in the appropriate form on both occasions would be fundamentally different from the sum of its parts (item-based and skill-based transfer). If this were the case, one would expect an interaction between the effects of prior exposure of items and skill applicability when the two components can be manipulated orthogonally. Experiment 4 tested this hypothesis.
The first step in this investigation was to establish whether subjects could acquire a particular anagram-solving skill through exposure to a series of anagrams constructed according to the same letter-transformation rule. Rees and Israel (1935) and Morrisett (1953a, 1953b) found that this was indeed possible. In these early studies, subjects showed a bias in producing rule-consistent solutions for multiple-solution targets (e.g., peach and cheap) after a relatively small amount of such training. Rees and Israel reported that they observed no difference in transfer performance between subjects who had no knowledge of the manipulation (n = 6) and those who noted some general repeating pattern (n = 4), indicating that this was indeed an instance of implicit memory. However, in a pilot study that attempted to replicate this result, we found that the reordering patterns used in these previous studies were so transparent that many subjects caught on quite early in the series, and that there was a strong relation between awareness of the manipulation and the proportion of transfer items solved with the biased target word.
In Experiment 4, subjects attempted to solve a series of anagrams constructed using a relatively difficult reordering pattern (51324). Implicit acquisition of this reordering rule would result in a systematic decline in solution times over the training series. The data should be fit, ideally, by a power function, as has been described for many other instances of skill acquisition (Newell & Rosenbloom, 1981) .
Retention of the acquired rule was examined by presenting anagrams either in the learned pattern or in novel transition patterns after a l-week delay. In addition, one half of the test items had been presented in the first session, and one half were new words. This design allowed us to evaluate itemspecific and rule-based sources of transfer and the interaction that might result if some kind of configural or gestalt processing characterizes the repetition of operations underlying facilitation.
Method
Design. All subjects were tested in two sessions, one for rule learning and one for the transfer test, separated by a l-week interval. The extent to which subjects learned the rule-based decoding skill was assessed by examining the solution times over blocks of trials in the first session. The transfer test contained within-subject manipulation of two factors--rule status and prior presentation of anagrams.
Materials and procedure. The critical items consisted of 100
anagrams, assigned to 4 sets of 25 items. Two forms of each set were constructed, one using a consistent letter pattern for all items (51324) and the other using five similar control orders (e.g., 24351 and 42153) distributed equally often among items within a set. Two sets were presented in both sessions and the remaining two were presented only in the second session, with the assignment of particular sets to the conditions counterbalanced across subjects. For twice-presented items, half were repeated in the "rule" sequence in the second session, and the remainder were re-presented in control orders. The allocation of particular items to rule-consistent or control conditions was unique for each subject. Repeated items were assigned to each condition on the basis of initial solution times, such that the average and range of times were similar for each condition. For items presented only in the second session, one set was in the rule-consistent form and one in control forms, with this designation counterbalanced across subjects. Ten additional anagrams in the 51324 pattern were presented to all subjects for solution in the first test session only, to bring the training series up to 60 anagrams.
Each of the 24 undergraduates who participated in the study was tested in two sessions, separated by 1 week. Each subject saw 60 anagrams in a consistent transition rule in the first session. In the second session, the 50 rule-consistent anagrams were presented, followed by a 10-min break and then the 50 "nonrule" (control orders) anagrams. The deliberate confounding of presentation order and rule status of the stimulus sets was used, rather than a counterbalancing or randomization procedure, to maximize the opportunity for transfer of the implicit rule. Presentation and timing procedures were similar to those used in the previous experiments, with a 60-s time limit imposed for solving a given problem.
Subjects were not informed about the rule manipulation and were not told that items would be repeated in the second session. The degree to which subjects noticed the rule manipulation was assessed in a manner that did not alert them to look for some pattern or consistency. At the end of each session, subjects were asked whether they had used a particular strategy or set of operations to solve the anagrams. At the end of the experiment, subjects were queried further to determine whether they had noticed a particular pattern and, if so, whether they could describe or generate it. Analysis of response protocols indicated two subject classes: those who had no awareness even when directly informed about the rule and those who demonstrated partial or complete knowledge, in that they could at least indicate that the first position was consistent on many of the trials. 
Results
First session. Separate analyses were conducted on the group of 6 subjects who demonstrated partial or complete knowledge of the rule manipulation and the group of 18 who manifested no explicit knowledge. Figure 3 displays learning curves for the subjects in the present study and for subjects in Experiment 2 who had similar materials but without a consistent rule. Here, 10 successive trials constitute a block. Linear regression conducted on these data, with log transformations used for both variables, indicated that the power law provides a good approximation of the learning curves of subjects in the present study: F(1, 4) = 18.46, r z = .823 for the aware group; and F(1, 4) = 42.619, r 2 = .914 for the unaware group. However, this was not true for subjects in Experiment 2, F(1, 4) = .035, r 2 = .001.
Second session. When questioned following presentation of the rule set in the second session, 4 additional subjects indicated they had partial or complete knowledge of the rule manipulation. Their data were combined with those of the 6 subjects who showed awareness of the rule in the first session, in order to compare transfer performance of completely naive subjects with individuals who have some degree of explicit rule knowledge. These data are presented in Table 9 . The proportion of solutions achieved within the 60-s time limit varied between .80 (unaware group-nonrule items) to .99 (aware group-all rule items).
For the unaware group, a 2 (Presentation) x 2 (Rule Status) ANOVA on solution times yielded significant effects of rule status, F(I, 13) = 17.12, MSe = .03, and presentation, F(1, 13) = 50.52, MSe = .03, but no significant interaction, F(1, 13) = 2.82. Thus, these two factors contributed independent and additive sources of facilitation for solving anagrams. Findings were somewhat different for the group of subjects who displayed some degree of explicit knowledge of the rule manipulation. A similar analysis yielded a significant interaction effect, F(1, 9) = 7.63, MSe = .017, reflecting a reliable old versus new difference for nonrule items, t(27) = 4.20, but no difference for rule-consistent items, t(27) = 0.99.
Another analysis was carried out to compare savings for old-consistent items that had been seen at the beginning of training versus ones that had been presented at the end of the training series. There should be greater opportunity for reinstating particular operations for the latter, so this analysis provides a better test of the hypothesis that savings represents recapitulation of precise decoding operations. For each subject 
Discussion
This experiment demonstrated that subjects could acquire a skill for solving anagrams that were constructed by applying a consistent rearrangement rule and could maintain this skill over a l-week interval. An examination of the debriefing protocols of subjects in the aware group indicates that this decoding skill entails an ability to locate informative letter positions, particularly the initial letter of the solution. The excellent fits of the data by a power law (cf. Newell & Rosenbloom, 1981) reinforce the claim that this paradigm provides a genuine instance of skill learning. Whereas subjects in the aware group were apparently developing a conscious strategy for locating the initial solution letters by the end of the first session, the knowledge or skill acquired by subjects in the unaware group is representative of the implicit rules or procedures that have been demonstrated in other tasks on which performance improves with repeated exposure to a complex sequential pattern (e.g., Lewicki, Czyzewska & Hoffman, 1987; Nissen & Bullemer, 1987) .
The observed differences in savings between aware and naive subjects probably reflect the benefit of having an explicit performance rule, or algorithm, rather than differences in processing transfer per se. When the algorithm was appropriate, the solution procedure became trivial, and the item priming effect was obscured. However, a robust effect of prior exposure was evident when the transformation rule was either implicit or inapplicable. Also, a change in the applicability of the reordering rule had deleterious effects on the solving of old and new items for both subject groups. Thus, it is clear that subjects can retain the newly learned skill over time, and its effect on subsequent solution attempts is not eclipsed by facilitation arising from repetition of targets.
The savings data for the unaware subjects indicate that application of an implicit rule and previous experience with a particular item provide additive sources of facilitation. This additivity is inconsistent with a "gestalt" or "configural" interpretation of savings effects on such tasks. Even in circumstances that presumably maximize the opportunity for precise repetition of operations, such as re-solving the rule-based anagrams presented at the end of training, there is no indication that facilitation is mediated by such mechanisms. These data offer no support for the contention that repetition priming and skill application are supported by the same procedural memory system. These data imply that models of implicit memory must take into account the existence of multiple, potentially independent bases of facilitation in processing. A similar conclu-sion was put forward recently by Tardif and Craik (1989) based on their reexamination of repetition effects in Kolers's transformed text paradigm. They found independent sources of facilitation attributable to the content of repeated passages and to the particular geometric transformation initially studled. This argument is also bolstered by recent demonstrations of dissociations between priming effects and skill learning in different patient populations (e.g., Butters, 1987; Heindel, Salmon, Shults, Walicke, & Butters, 1989) . It would be interesting to examine whether such dissociations, obtained using different paradigms to evaluate repetition priming and skills, would also be found for the present task, in which both forms of implicit effects are assessed using the same task and materials.
General Discussion
The main assumption underlying these experiments was that facilitation on implicit tests varies with the similarity of component operations performed on items at study and test. This notion has been used by a number of theorists to describe encoding-retrieval interactions on explicit memory tests (e.g., Kolers & Roediger, 1984; Morris, Bransford, & Franks, 1977; Tulving & Thompson, 1973) , and it is central to both the data-driven (Jacoby, 1983a (Jacoby, , 1983b Roediger & Blaxton, 1987) and procedural memory (Cohen & Squire, 1980; Squire, 1986) accounts of implicit memory. The various manipulations of prime-test correspondence used in the present experiments were aimed at discovering some of the processing components that contribute to facilitation in the anagram-solving task.
The results indicated that prior visual experience with a word was essential for priming (Experiment 1), but there was no additional benefit when the prime exposure involved solving another type of visual puzzle, a word fragment (Experiment 3). The same studies showed that some components specific to solving an anagram prime, possibly those involved in the formation of bigrams, enhanced the basic facilitation effect. This enhancement, however, did not depend on resolving the identical letter pattern (Experiments 2 and 3), even when the same rule-based solution procedures could be invoked on both presentations (Experiment 4). These findings are consistent with the general idea that facilitation varies with the number of component processes that are common to study and test solution attempts. The pattern of specificity effects and the additivity observed between item repetition and skill-based facilitation in Experiment 4 suggest that savings in anagram solution time reflects a combination of transfer effects from separate component processes rather than a reenactment of the original encoding "gestalt."
Independence between skill-based and item-based sources of facilitation, as shown in Experiment 4, also runs counter to the hypothesis that both priming and skill learning and application are subserved by a common procedural memory system. Although proponents of this notion recognize that some differences exist between the two types of implicit effects (cf. Cohen, 1984; Squire, 1986) , recourse to a "memory system" interpretation seems to require that acquisition and retrieval processes be more closely linked than has been demonstrated (cf. Tulving, 1985 ) .
The present series of experiments does not allow us to specify more precisely the mechanisms underlying repetition priming or skill application. Along with other investigators (Kolers & Roediger, 1984; Morris et al., 1977; Roediger & Blaxton, 1987) , we have described facilitation in terms of transfer of component operations from one experience with a stimulus to a subsequent encounter with a similar or identical item. This descriptive account does not stipulate whether transfer entails running off some component operations more efficiently on the second occasion or, alternatively, accessing the products of these operations that have been stored from the first experience so they do not have to be executed at test. In our view, identification of the underlying mechanisms can be best achieved by examining the nature of the components important to facilitation. For example, the kind of anagramspecific effect obtained in these studies would not have been predicted by existing models of priming. Our results suggest that such transfer can proceed on many levels, and that an explanation based on any single mechanism will be unable to account for the broad range of transfer effects (for a similar argument, see Schacter, 1985) .
The data presented here also speak to a number of other issues that are central to models of implicit memory effects. With respect to the durability of priming effects, the present results complement those from recent studies that describe long-lasting facilitation. The savings in solution time were greater than 50% after a 2-week interval in Experiment 2. The magnitude of facilitation decreased from that seen on an immediate test to the level seen at l week (Experiment 3), but the decrease was relatively modest. A similar rate of decay over this interval appears to characterize priming in word fragment completion (Sloman et al., 1988) . In addition, it is clear that the durability of the priming effect is not determined by the degree of overlap in mental operations, as shown by the identical rates of decay of facilitation for items with anagram and nonanagram primes (Experiment 3).
Both the specificity and durability of the priming effects observed in these studies represent serious challenges to the hypothesis that priming reflects the temporary activation of preexisting and abstract memory structures (e.g., Diamond & Rozin, 1984; Morton, 1969) . More recent modifications of this account allow for conditions under which activation effects can be detected beyond a few hours and for modification of representations by the context of initial presentation (e.g., Morton, 1979; Schacter, 1985) , but not all theorists ascribe these characteristics to activationbased priming (e.g., Squire et al., 1987) . Rather than enlarging the concept of activation to account for the wide range of specificity and persistence effects that have been documented, it is more parsimonious to suggest that repetition priming is based on the same episodic representations as explicit recollection, but implicit (priming) and explicit retrieval tasks depend on different retrieval operations (Feustel, Shiffrin, & Salasoo, 1983; Jacoby, 1983a Jacoby, , 1983b Kirsner & Dunn, 1985; Roediger & Blaxton, 1987 ) that may be mediated by different neural structures. A similar point is made by studies demonstrating priming for newly learned associations in amnesic patients (Graf & Schacter, 1985; McAndrews et al., 1987; Moscovitch et al., 1986) .
The current findings also supplement previous accounts of dissociations between implicit and explicit tasks, in that functional independence was observed across most conditions in the first three experiments. 2 For example, the particular form in which an anagram was presented could be retrieved on an explicit task, but it appeared to have no influence on the magnitude of facilitation (Experiments 1 and 2) . Also, a change of modality from auditory to visual exerted a greater influence on priming than on recognition, and the direction of the respective effects was different for the two tests (Experiment 1). Finally, variables such as delay and target generation had substantial effects on recognition but minimal or no influence on priming effects (Experiment 3). These findings are generally consistent with dissociations documented by others (e.g., Jacoby, 1983b) .
The finding that recognition performance was sometimes more sensitive to manipulations of physical features than was priming suggests that the hypothesized distinction between data-driven and conceptually driven tasks does not capture fully the differences observed between implicit and explicit expressions of memory. Consistent with this argument, recent work by Roediger and coworkers has identified conceptually driven implicit tests (e.g., answering general knowledge questions) on which facilitation effects are influenced more by manipulations affecting semantic elaboration than by changes in surface features between study and test, and data-driven explicit tasks (such as cued recall with graphemic cues) that behave in the converse manner (e.g., Blaxton, 1989; Roediger, Srinivas, & Weldon, 1989) . Of particular interest in the context of our findings, Srinivas and Roediger (in press) suggested that primed anagram solving involves a combination of datadriven and conceptually driven processes.
Viewed within the general framework of transfer of component processes, we would predict dissociations not only between tasks that either do or do not require recollection, but also among various implicit tests of memory. Thus, important differences may be discovered between skill learning and priming, or fragment completion and anagram solving, to the extent that they draw upon different component processes and structures (Moscovitch et al., 1986; Roediger et al., 1989; Witherspoon & Moscovitch, 1989) . It is likely that the experimental manipulations required to characterize these processes will differ from those that distinguish implicit from explicit memory. Also, it is crucial to account for facilitation effects under conditions of minimal overlap in the "data" (and the component operations underlying their encoding) between study and test, such as transfer between pictures and words. A further goal is to determine a means of assessing the degree to which operations converge on two occasions other than comparing relative amounts of facilitation. This may be achieved by identifying task components more precisely (cf. Charness, Milberg, & Alexander, 1988) or by finding another correlate of such overlap, as we attempted to do in examining the durability of priming effects. We suggest that research directed at mapping out the nature of transfer or priming effects on a number of different tasks is crucial to the development of a coherent and comprehensive account of implicit memory.
Although dissociations between performance on implicit and explicit tests were not the central focus of this study, some readers may find the functional dissociations we report less than compelling evidence that facilitation in solving repeated anagrams can be viewed as a "pure" implicit measure. One of the reviewers of the original version of this article found the fact that we asked for explicit recognition judgments during the priming test in Experiment 3 particularly problematic in this regard. While the article was in revision, we were fortunate to be able to test an amnesic patient on a variant of Experiment 3. We will be reporting these data fully elsewhere, but we note here that he showed reliable priming for repeated anagrams despite his severe impairment in recognition memory for these items. Median solution times were 4.43 s for initial presentation and 2.2 s for repeated items, and 2 of the 20 items were correctly recognized as belonging to the study list (there were no false alarms). Clearly, facilitation effects on this task do not depend on explicit retrieval.
